Introduction
The cultivated melon (Cucumis melo L., 2n = 2x = 24) is an important crop widely distributed in the warmest areas of the world and grown extensively in countries with temperate climate (Pech et al., 2007) . Melon is one of the most polymorphic species that is very variable in plant, leaf, flower, and fruit characteristics. Because significant morphological variation exists in fruit characteristics and composition of C. melo genotypes, this species is thought to contain the most diverse varieties in the genus Cucumis (Stepansky et al., 1999) .
An understanding of the extent of genetic diversity and relationships among different local genotypes is beneficial both for the identification and effective conservation of genetic resources, and for the success of breeding programs (Solmaz et al., 2016) . Genetic diversity in melon has been analyzed using different molecular markers, ranging from phenotypic (Escribano and Lázaro, 2009; Szamosi et al., 2010) and isozymic (McCreight et al., 2004) to molecular DNA markers, including random amplification of polymorphic DNA (Sensoy et al., 2007; Soltani et al., 2010) , amplified fragment length polymorphism (Frary et al., 2013; Shamasbi et al., 2014) , simple sequence repeat primers (Monforte et al., 2003; Tzitzikas et al., 2009; Kaçar et al., 2016) , inter-simple sequence repeat (ISSR) primers (Parvathaneni et al., 2011; Sestili et al., 2011) , and other DNA markers.
Valuable melon genetic resources with distinct morphological differences exist in Azerbaijan. Nevertheless, not a single study has been conducted to illustrate the genetic variability of the local melon genotypes. In the present study, 48 C. melo L. genotypes from different geographical areas of Azerbaijan were collected and screened for genetic diversity based on both some agromorphological traits and ISSR markers. The results obtained could be useful to conserve genetic variability and to encourage their use for genetic improvement in breeding programs.
Materials and methods
The research material consisted of 48 melon genotypes that represented the main accessions cultivated in various regions of Azerbaijan. The names and geographical locations of collection site of accessions are presented in Table 1 .
Morphological diversity analysis
The seed materials of all samples collected from different regions were used in the experiment (Table 1) with three replications. Plants were spaced 1.0 m apart on raised beds in rows spaced 1.5 m apart. Five plants of each replication were examined for a set of 11 agromorphological characters based on Descriptors for Melon (Kerje, 2003) . Measured traits included main stem length, lateral stem number, leaf length, leaf width, seed length, seed width, stem diameter, fruit length, fruit width, flesh thickness, and yield. Measurements of vegetative parts were performed prior to fruit ripening, while all others were recorded during harvesting, starting from the middle of July and continuing through the end of August. The similarity matrix, principal component analysis (PCA), and other measurements for morphological diversity analysis were generated using SPSS 14.0 (SPSS Inc., Chicago, IL, USA). Morphological diversity analysis among the studied genotypes was evaluated using the Ward method (Johnson and Wichern, 2002) . Heritability in the broad sense was calculated as the ratio of the total genetic variance to the phenotypic variance (Falconer et al., 1996) .
PCR reaction
The leaves were ground to powder using liquid nitrogen in microfuge tubes. Genomic DNA from the leaves was extracted by CTAB protocol (Doyle and Doyle, 1987) . The quality and concentration of isolated DNA was checked using a NanoDrop 2000 spectrophotometer and 1% agarose gel.
A total of 10 ISSR primers synthesized by IDT (https:// www.idtdna.com) were used for PCR amplification. PCR reactions were performed in a final volume of 20 µL, containing 1X AMS PCR buffer, 1.5 mM MgCl 2 , 25 mM of each deoxynucleotide (dATP, dTTP, dGTP, and dCTP), 0.5 mM of primer, 0.6 U of Taq DNA polymerase enzyme, and 50 ng of DNA. All of the reagents used for PCR reactions were obtained from Sinaclon (http://www.sinaclon.com/). A Verity Thermo Cycler (Applied Biosystems) was used for PCR amplification.
Amplification reactions were performed in 35 cycles, each consisting of a denaturation step at 94 °C for 1 min, annealing step at primer-dependent temperatures (5 °C below T m ) for 1 min, and extension step at 72 °C for 2 min, followed by a final extension at 72 °C for 7 min. The initial denaturation step was performed for 4 min at 94 °C.
The PCR products were separated by electrophoresis using a 1.2% (w/v) agarose gel in 1X TBE buffer for 1.15 h. A 100-bp DNA ladder (Sinaclon) was used for approximate fragment size calculations. Gel stained with ethidium bromide solution was recorded with the Molecular Imager Gel Doc XR System (Bio-Rad).
Amplified alleles were analyzed by scoring them as present (1) or absent (0). The genetic diversity index for each primer was calculated according to Nei (1973) :
, where H is the genetic diversity index and P i is the frequency of each pattern.
The genetic relationships among accessions were evaluated by Jaccard's similarity coefficient for pairwise comparisons based on the genotyping data using the PAST statistic program package (Hammer et al., 2001) . A dendrogram based on ISSR data was constructed by the unweighted pair-group method (UPGMA). The similarity between matrices based on different marker systems (agromorphological data and ISSR) were calculated using the standardized Mantel coefficient (Mantel, 1967) .
Results and discussion

Morphological evaluation
Eleven agromorphological quantitative traits were assessed to characterize and estimate genetic diversity among local melon accessions. A significant difference with respect to all traits (results not shown) among the studied melon genotypes was detected based on variance analysis. PCA grouped the 11 agromorphological traits into the first four axes, describing 78% of the total variation. The percentages of total variation accounted for by each of the four principal components were 40.7%, 16.98%, 11.56%, and 9.46%, respectively ( Table 2) .
Traits that had a correlation with the first component include main stem length (r = 0.464**), leaf length (r = 0.571**), leaf width (r = 0.755**), stem diameter (r = 0.484**), fruit length (r = 0.741**), fruit width (r = 0.658**), and yield per hectare (r = 0.87). High correlation between the first component and yield with the other traits associated was observed. Masally №1, Lankaran №2, Lankaran №3, Astara №4, Absheron №4, Saray №6, Nazly (Absheron), Kolchoznick, and Ghizil yemish (Nakhchivan) genotypes differed from all other genotypes for the aforementioned component (Figure 1 ).
Cluster analysis using the Ward method was carried out and genotypes were divided into 4 groups ( Figure  2) . Clusters 3 and 4 mainly consisted of accessions that differed based on principal components.
The values of genetic variance, broad-sense heritability, coefficient of variation, and minimum and maximum values of the studied traits are shown in Table 3 . Calculated heritability for yield in our study was 0.96. Most probably, high genetic variance for this trait has led to calculating its heritability as more than its actual value. The high heritability percentage reflects the large heritable variance, which may offer the possibility of improvement through selection (Eshghi and Akhundova, 2010) . Although the highest broad-sense heritability was observed for traits of plant height (0.98), fruit length (0.97), flesh thickness (0.88), and leaf length (0.77), the broad-sense heritability of seed width, fruit width, fruit length, stem diameter, and leaf width was also relatively high. The highest genetic variation coefficient and the highest diversity among the genotypes were found for yield per hectare (20.32%) and for fruit length (17.35%).
Molecular diversity analysis using ISSR markers
Characterization of the genetic relationship between different melon (C. melo L.) genotypes was conducted with 10 ISSR primers. The reproducible alleles amplified were scored as 1 for presence or 0 for absence and imported into the PAST3 statistic program. The 10 ISSR primers yielded a total of 41 scorable bands, 35 of which (85.4%) were polymorphic. The details of fragments amplified by the ISSR primers among the 48 genotypes are given in Table  4 . The highest (7) and the lowest (2) number of bands was produced by UBC860 and ISSR35, respectively. The percentage of polymorphism ranged from 50% to 100%, with an average of 85.6% polymorphism per primer. Primers UBC857 and UBC860 generated the greatest diversity indexes with values of 0.94 and 0.85, respectively. The details of markers amplified by primer UBC857 are given in Figure 3 . The lowest diversity was identified by primer UBC834, with an index of 0.52. The average genetic diversity index calculated was equal to 0.70.
Genetic relationship and clustering analysis
Binary data were used for computing Jaccard's similarity indices. The similarity coefficients based on 10 ISSR alleles ranged from 0.36 to 0.97. The highest similarity index (0.97) was observed between Kurdamir №9 and Saatly №16, while the lowest similarity (0.36) was noted between Kurdamir №4 and Saray №1 (Figures 4 and 5) . A high genetic similarity was also found between Kurdamir №6 and Saatly №6 (0.94), Kurdamir №6 and Kurdamir №10, Sabirabad №15 and Absheron №2, Kurdamir №9 and Kurdamir №7, and Masally №1, Lankaran №3, and Masally (uzun) (0.91) accessions.
The similarity values obtained for each pairwise comparison of ISSR markers data were used to construct a dendrogram (Figure 6 ). At 0.70 similarity level, 48 genotypes were grouped into ten clusters. Each of clusters 1, 2, 6, 7, 8, and 10 was homogeneous and composed of only one accession. Similarly, both clusters 3 and 9 contained only two accessions. Cluster 4 consisted of 4 accessions. Cluster 5 was highly heterogeneous and could be further divided into two subclusters, 5a and 5b. Although there were clear morphological differences among them, all other 32 Figure 1 . Diversity of fruit size, color, shape, and texture of some melon accessions collected from different regions of Azerbaijan.
Dendrogram of 48
Cucumis melo L. genotypes based on agromorphological data. genotypes collected from different regions were grouped in the same subcluster. This indicates that they are closely related and we have to use more polymorphic markers to differentiate their genetic relationship more clearly. The other subcluster holds only two genotypes.
The Mantel test to provide a comparison between similarity matrices extracted from agromorphological traits and ISSR markers was performed and the correlation between distance matrices was not found to be statistically significant (r = 0.012). Some researchers also found different results from the comparative analysis of genetic diversity among melon genotypes using morphological and molecular markers. Cucumis genotypes from different geographical areas of India were screened for genetic diversity using 19 morphological traits and 15 ISSR primers by Parvathaneni et al. (2011) . They found that phenotypic variation existed among the 13 Cucumis accessions studied and ISSR markers produced a clear difference between the North Indian genotypes. In other research, the genetic relationships among 13 melon inodorus populations were assessed using 100 ISSR primers and 15 morphological traits and good correlation between the morphological and molecular data was revealed. The authors confirmed the effectiveness of such a comparative approach (Sestili et al., 2011) . In our experiment the dendrogram based on ISSR analysis did not show any significant pattern of clustering according to geographic location. Some authors suggest that lack of association of genetic diversity with geographic location may be attributed to the substitution of seed materials by growers from different zones (Kumar et al., 2014) . We also believe that the sharing of breeding materials could be the main reason for low diversity between genotypes collected from distant geographic locations in our experiment. On the other hand, ISSR markers did not show a significant correlation with agromorphological data, which can be explained by the environmental factors as reported for several other crops (Kumar et al., 2014; Jain et al., 2017) . However, overall, our results displayed a sufficient amount of morphological and genetic variability within the local melon germplasm (Figure 6 ). This kind of morphological and genetic diversity has been commonly reported in different horticultural plants (Kamiloglu et al., 2009; Tosun et al., 2009; Ercisli et al., 2012; Dogan et al., 2014; Alp et al., 2016) . The results of this study should be useful both for identification of distinct accessions and establishment of core collections in gene banks, as well as utilization of genotypes in breeding programs. Nevertheless, further comprehensive assessment using different types and more polymorphic molecular markers could be necessary for elucidating genetic relationships among those 32 accessions grouped into the same highly heterogeneous cluster based on Jaccard's similarity indices.
